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BISON Overview 
 BISON is a nuclear fuel performance analysis 

tool.  
 It is fully implicit, coupled and runs in parallel 
 It is still under development by INL, NEAMS 

and others 
 BISON is the non-propriety version of 

Peregrine and is related to MOOSE 
(Framework), Fox (material Properties), ELK 
(Structural Mechanics) 

 MOOSE takes advantage of generalized linear 
and nonlinear solvers, including PETSC and 
LibMesh. 
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 BISON 3D  
    fuel performance       
    capability is unique 

 

* From BISON Workshop, 2012 
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Prerequisite 
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Zirconium Cladding Alloys 
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Fuel Performance Overview 
 LWR Fuel performance modeling is 

divided into four general categories:  
 Fuel thermal response 
 Fuel mechanical response  
 Fission gas release and internal gas 

pressure response 
 Waterside corrosion. 

 BISON is capable of modeling both in 
2D and 3D 
 Only axisymmetric 2D  capability was 

used in this study. 
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Fuel Performance Overview 
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Fuel Pin Heat Conduction Review 
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Why do we use Helium? 
 Helium is very Conductive and inert 
 However, as the fuel burns Krypton and Xenon are produced. 
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Fuel Radial Power Evolution: High 
Fidelity Neutronics can help 

UO2 (5% U235) 
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Pellet Thermal Response 
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Fuel Thermal Performance 
 For the coolant side, constant inlet temperature, mass flux and pressure 

along with the same rod diameter, pitch and heat transfer correlation.  
  For the cladding thermal conductivity, FRAPCON uses temperature 

dependent function, while in BISON, a constant value of 16 W/m-K is 
assumed. 

 For the fuel thermal conductivity, the NFI model with identical input 
variables such as theoretical density  is used in both codes.  

 The widely used, TUBRNP radial power profile model is used in both 
codes as well.  

 The plenum gas temperature: 
 FRAPCON: is approximated based on the energy transfer between the top 

of the pellet stack and plenum gas as well as coolant to the upper plenum, in 
addition to rate of gamma heating.  

 BISON: since the plenum volume is not meshed, the pellet surface 
temperature is an averaged temperature of the cladding interior and pellet 
exteriors finite element nodes.  
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Fuel Thermal Performance - Gap 
 The gap conductance has three 

components:  
 Conduction due to radiation:  

Same for both codes 
 Conduction through the gas:  

Similar models accounting for 
7 different gases with BISON 
utilizing temperature 
dependent coefficients  

 Conduction through the fuel-
cladding contact:  Same 
formulation (Mikic-Todreas) 
but BISON model is based on a 
more limited database 
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Fuel Mechanical Response 
 There are four mechanisms considered in pellet mechanical 

response that are sources of strain: 
1. Relocation (typically not considered axially)  
2. Fuel Thermal Expansion 
3. Swelling 
4. Densification 
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Pellet Mechanical Response 
 As the fuel temperature increases, the extreme stresses 

resulting from the large temperature gradients in the fuel 
cause the fuel to crack (predominantly radial) and relocate. 

 A central void could be formed due to fuel restructuring that 
includes the migration of as-fabricated porosity and grain 
growth. 
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Fuel Rod Performance 
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Fuel Rod Axial Growth 
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Fuel Rod Bowing 
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Fuel Mechanical Response 
 FRAPCON utilizes “rigid pellet model” as well as the “thick 

shell” cylinder approximation with uniform temperature. 
 In BISON, both the fuel and cladding are descriticized in 

finite elements and the stress is calculated in each node. 
 2D axisymmetric smeared analysis is utilized in both codes 
 Assume that both the fuel and clad deforms in a manner of 

retaining its cylindrical shape 

 In  most fuel performance codes the fuel outer diameter is 
determined through densification, relocation, swelling 
models as well as thermal expansion. 
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Fuel Mechanical Response-pellet 
 Similar densification models except at higher than 750 oC, 

BISON depends on temperature: higher rate than FRAPCON 
 
 

 

The comparison of relocation strain 
model at 25 and 15 kW/m LHGR.  

The comparison of swelling models at 10, 20, 
30 and 60 MWd/kgU 
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Fuel Mechanical Response 
 The fuel axial creep is modeled 

in BISON using MATPRO 
FCREEP material model 
accounting for secondary creep 
and irradiation creep.   
 Such physics is completely 

neglected in FRAPCON.   
 This creep is proportional to 

volumetric fission rate and 
effective stress (von Mises).  

 For the cladding, the primary 
and secondary creep are 
modeled similarly in both codes 

 

The ratio of the irradiation growth 
models in FRAPCON over BISON at a 

constant effective stress of 10 MPa. 
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Internal Gas Pressure response 
 While both codes utilize ideal gas law in the plenum, in the fuel “cracks”, 

FRAPCON utilizes the average fuel temperature, while BISON uses the 
temperature in each finite element mesh. 

 The  rate for release of fission gases are estimated using the well-known, 
modified Forsberg-Massih Fission Gas Release (FGR) model in 
FRAPCON, while the Simple integrated fission gas release and swelling 
(Sifgrs) model, is used in BISON. 
 The Sifgrs model shows a smooth release of fission gases while the 

FRAPCON model involves steps and acceleration  thresholds. 
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oxidation and hydrogen pickup 

Second Phase Particles 
(SPPs) are critical for zirc-
oxide protective properties 
 
Dissolution with irradiation: 

Leads to loss of zirc-
oxide “barrier” layer 
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BISON Summary: For 2D Axisymmetric 
Smeared Simulations 
 The current default version of BISON code can effectively model 

fuel performance of PWR rods. 
 There were many models identified within BISON and 

FRAPCON that are different, but the EOL fuel temperature 
resulted in similar values.  
  This implies a cancellation of inconsistencies in both codes, which should 

be carefully studied with separate effect tests. 
 Rather than its ability to perform fully coupled multi-physics 

simulation under finite elements, the framework of BISON, which 
allows addition of models and new geometry with high quality 
assurance, is deemed the strength of the code compared to 
FRAPCON and most of existing fuel performance codes. 
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Fuel Performance in Reactivity 
Initiation Accidents (RIAs) 
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Fuel Performance in Reactivity 
Initiation Accidents (RIAs) 
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Fuel Performance in Reactivity 
Initiation Accidents (RIAs) 
 The new NRC guidelines on RIAs is based on cladding 

hydrogen content. 
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Going Beyond 62 MWD/kg Burnup 
 Category 1: Fuel System Damage 
 Design Stress 
 Design Strain 
 Strain Fatigue 
 Fretting Wear 
 Oxidation 
 Hydriding 
 Crud 
 Rod Bow 
 Irradiation Growth 
 Internal Gas Pressure 
 Hydraulic Lift Loads 
 Fuel Assembly Lateral Deflection 

• Category 2: Fuel Rod Failure 
 Internal Hydriding 
 Cladding Collapse 
 Fretting 
 Overheating of Cladding 
 Overheating of Fuel Pellets 
 Excess Fuel Enthalpy 
 Pellet/Cladding Interaction 
 Clad Rupture 
 Mechanical Fracturing 

• Category 3: Fuel Coolability 
 Cladding Embrittlement 
 Violent Expulsion of Fuel 
 Generalized Clad Melting 
 Fuel Rod Ballooning 
 Structural Deformation 
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Metal Fuel 
 The metallic fuels are commonly more used in Sodium 

reactor, especially in the United States. 
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Metal Fuel- The Positive 
 The attractive characteristics of metal fuel include: 

 High thermal conductivity, which combined with a highly 
conducting gap, maintains fuel temperatures low and reduces 
stored energy, an important feature during transients, such as 
the unprotected loss of primary flow and loss of heat sink. 

 High heavy metal density and low moderating power, which 
provide for a harder spectrum and excellent neutron economy. 

 Low Fuel Clad Mechanical Interaction (FCMI), which enables 
achievement of high burnup. 

 Good compatibility with the coolant (sodium). 

 Ease of manufacturing and reprocessing by pyro chemical 
methods. 
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Metal Fuel- The Negative 
 However, various phenomena limit the in-core performance 

of metal fuel assemblies: 
Low melting point 
Thermal and irradiation creep  
Fuel void swelling 
Fuel restructuring 
Fuel/Clad Chemical Interaction 
Higher Hydrogen production if Zirconium based fuel is used. 
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Thermo-mechanical Behavior of the Metal Fuel 
 Description of the burnup history (72 % smear density U-19Pu-OZr Fuel) 
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Metal Fuel: Fission Gas Release 
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Metal Fuel: Fuel Clad Chemical 
Interaction 

 During the steady state irradiation, the cladding constituents may diffuse into 
the fuel and form a low-melting point alloy (eutectic).  

 As the burnup increases, some fission products diffuse into the cladding to form 
low-melting phases with iron that creates a brittle band, containing numerous 
cracks. 

 Within these phases, (U,Pu) 6Fe layer within the outer surface of the fuel has 
low melting point 

 The presence of zirconium in the fuel decreases Fuel/Cladding Chemical 
Interaction significantly. 
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BISON Demonstration 
 In fuel performance, the height of the fuel rod can be properly 

scaled such that all the main performance parameters will be very 
close for the 10 pellet problem to a nominal fuel rod at ~ 370 cm. 

Design Zirc  Annular Units 
Fuel Inner D -- 2.6 mm 
Fuel Outer D 8.2 8.2 mm 
Clad Inner D 8.36 8.36 mm 
Clad Outer D 9.48 9.48 mm 
Pitch 12.6 12.6 mm 
Density 95 95 % 
Length 11.86 11.86 cm 
Axial Power Cosine w/ 1.06 Peaking Factor 
LHGR History 27 27 kW/m 
Total Time 1245 1245 Days 
Discharge Bu 69.6 76.9 MWd/kgU 
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BISON Performance Assessment 
 FRAPCON runtime is 

less than a second 
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